Key words: nonalcoholic steatohepatitis type 2 diabetes mellitus sodium-glucose cotransporter 2-inhibitor dapagliflozin open-label a b s t r a c t Background: Nonalcoholic steatohepatitis (NASH) is an active form of nonalcoholic fatty liver disease. Risk factors for NASH include type 2 diabetes mellitus (T2DM) and obesity. Sodium-glucose cotransporter 2 (SGLT2) inhibitors used to treat T2DM prevent glucose reabsorption in the kidney and increase glucose urinary excretion. Dapagliflozin is a potent, selective SGLT2 inhibitor that reduces hyperglycemia in patients with T2DM and has been demonstrated to reduce some complications associated with NASH in rodent models. Objective: To assess the efficacy and safety profile of dapagliflozin for the treatment of NASH-associated with T2DM. Methods: In this single-arm, nonrandomized, open-label study, 16 patients with percutaneous liver biopsy-confirmed NASH and T2DM were enrolled to be prescribed dapagliflozin 5 mg/d for 24 weeks. Of these, 11 patients were evaluable. Patients with chronic liver disease other than NASH were excluded. Body composition, laboratory variables related to liver tests and metabolism, and glucose homeostasis were assessed at baseline and periodically during the study. Changes from baseline were evaluated with the Wilcoxon signed-rank test. Results: Administration of dapagliflozin for 24 weeks was associated with significant decreases in body mass index (P o 0.01), waist circumference (P o 0.01), and waist-to-hip ratio (P o 0.01). Changes in body composition were driven by reductions in body fat mass (P o 0.01) and percent body fat (P o 0.01), without changes in lean mass or total body water. Liver tests (ie, serum concentrations of aspartate aminotransferase, alanine aminotransferase, ferritin, and type IV collagen 7S) also significantly improved during the study. Insulin concentrations decreased (P o 0.01 by Week 24) in combination with significant reductions in fasting plasma glucose (P o 0.01) and glycated hemoglobin (P o 0.01) levels and increases in adiponectin (P o 0.01) levels from Week 4 onward. Conclusions: Dapagliflozin was associated with improvements in body composition, most likely a reduction in visceral fat, which occurred together with improvements in liver tests and metabolic variables in patients with NASH-associated with T2DM.
Introduction
Nonalcoholic steatohepatitis (NASH) is an active form of nonalcoholic fatty liver disease (NAFLD). NASH is characterized by steatosis, liver fibrosis, ballooned hepatocytes, and lobular inflammation. In some patients, NASH may progress to cirrhosis of the liver and hepatocellular carcinoma. 1 NAFLD significantly increases the risk of incident type 2 diabetes mellitus (T2DM) and metabolic syndrome. 2 Significant risk factors for NASH are T2DM and obesity. 3, 4 The preferred therapeutic approach is to encourage lifestyle changes to reduce a patient's weight by ≥7% through changes in diet and lifestyle habits, including regular exercise. 5 However, a pharmacologic approach is often necessary to treat NASH because most patients fail to reduce their weight sufficiently.
Contents lists available at ScienceDirect journal homepage: www.elsevier.com/locate/cuthre Pharmacologic options include pioglitazone and metformin, both of which are insulin-sensitizing agents 6 that are used to treat T2DM. 7, 8 Studies of these drugs have reported their effectiveness in the treatment of NASH and its comorbidities. 7, 8 However, pioglitazone may promote weight gain, is not available in some countries, and should not be used in patients with heart failure. A network meta-analysis found some evidence for improvements in histologic features of NASH with thiazolidinediones. 9 However, a recent Cochrane review reported uncertainty about the effects of pharmacotherapy on NAFLD and hepatic steatosis owing to lowquality evidence. 10 In general, alternative treatments of NASH associated with T2DM are warranted.
Sodium-glucose co-transporter 2 (SGLT2) inhibitors prevent the reabsorption of glucose in the kidney and increase urinary excretion of glucose, 11 and several members of this class have been approved for the treatment of T2DM in human beings. Recent studies revealed that SGLT2 inhibitors have therapeutic effects on NASH in rodent models, [12] [13] [14] raising the possibility that they may be beneficial in treating NASH associated with T2DM. To date, no studies have evaluated the effects of SGLT2 inhibitors for the treatment of NASH associated with T2DM in human beings.
Dapagliflozin is a potent and selective SGLT2 inhibitor that has been shown to reduce hyperglycemia in patients with T2DM. 15 Dapagliflozin was also reported to reduce some of the complications associated with NASH in rodent models. 16, 17 Therefore, in the present study, we evaluated the effects of dapagliflozin for the treatment of NASH in patients with T2DM. Eligible patients were administered dapagliflozin for 24 weeks, and its therapeutic effects were evaluated by measuring serum biochemistry parameters and performing body composition tests.
Patients and Methods

Study design
The study was a prospective, open-label, uncontrolled pilot study. No formal sample size calculation was undertaken; however, the number of patients was estimated to be 20.
Ethics
This clinical study was performed after obtaining approval from the Ethics Committee of Shimane University School of Medicine, as well as written informed consent from all participating patients. This study complied with the Declaration of Helsinki and applicable laws and requirements. The trial was registered at the University Hospital Medical Information Network under the registration number UMIN000023574. All costs were covered by patients because the study was carried out as part of standard care in daily clinical practice under Japanese health insurance. This was an investigator-initiated study; the sponsor only provided funding for writing support.
Patients and administration of dapagliflozin
Patients were screened for metabolic syndrome, T2DM, NASH, dyslipidemia, and hypertension, with all current medications recorded. Metabolic syndrome was defined as described previously, with minor modifications. 18, 19 Specifically, participants having at least 3 of the following 5 clinical measures were considered to have metabolic syndrome: central obesity (waist circumference ≥90 cm in men or ≥85 cm in women); elevated blood pressure, defined as systolic blood pressure ≥130 mm Hg or diastolic blood pressure ≥85 mm Hg, or taking an antihypertension medication; elevated fasting blood glucose level ≥110 mg/dL or taking a hypoglycemia medication; decreased HDL-C level o 40 mg/dL; and hypertriglyceridemia (≥150 mg/dL) or taking a lipid-lowering medication. T2DM was diagnosed as fasting plasma glucose (FPG) ≥126 mg/dL and glycated hemoglobin (HbA1c) ≥6.5%. 20 A percutaneous liver biopsy under ultrasound guidance was carried out for patients who had alcohol consumption lower than 20 g/d and who were negative for Wilson's disease, hemochromatosis, hepatitis B, and hepatitis C, as well as being negative for the presence of antinuclear antibodies and antimitochondrial antibodies. Based on standard clinicopathologic criteria, 21, 22 patients were finally diagnosed as having NASH if they had steatosis, hepatocyte ballooning, and lobular inflammation, with or without fibrosis in the biopsy. After the baseline assessment, all patients were prescribed oncedaily dapagliflozin at a dose of 5 mg/d for 24 weeks.
Measurement of body composition
Body composition was measured at baseline and at Weeks 2, 4, 8, 12, 16, 20 , and 24 by segmental multifrequency bioimpedance analysis with an InBody720 (Biospace, Denver, Colorado). 23 Waist circumference was measured at the middistance between the bottom of the rib cage and the top of the iliac crest using inelastic tape.
Serum biochemistry
We analyzed the following serum liver tests and metabolic variables: aspartate transaminase (AST), alanine transaminase (ALT), FPG, insulin, HbA1c, HDL-C, LDL-C, and triglycerides. In addition, the following laboratory tests were performed: type IV collagen 7S (T4C7S), ferritin, and adiponectin, as well as the NAFIC score and Fibrosis-4 index, γ-glutamyl transpeptidase, and high sensitivity C-reactive protein. The NAFIC score is useful for predicting steatohepatitis in nonalcoholic fatty liver disease and is calculated from the levels of ferritin, fasting insulin, and T4C7S. 24, 25 The Fibrosis-4 index is calculated as: (age [years] × AST [U/L]) / (platelet count [10 9 /L] × ALT [U/L]). 26 
Statistical analysis
Data are expressed as the median (interquartile range). The Wilcoxon signed-rank test was used to compare the values obtained at baseline with those obtained at Week 24 in patients who completed the study. P o 0.05 was considered to indicate statistical significance of changes versus baseline.
Results
Patients
Sixteen patients (9 men and 7 women) with a median age of 58 years were enrolled during the study period. Five patients discontinued or were excluded from the final analyses for the following reasons: 1 patient reported severe hunger and another patient reported epigastric discomfort, both after 4 weeks of treatment with dapagliflozin; 1 patient was excluded after Week 12 owing to poor compliance (it was determined during the consultation that the drug was being taken approximately once every 3 days); 1 patient received glimepiride before starting this study and continued administration during the study (the glimepiride dose was reduced from 1 to 0.5 mg at the patient's request in Week 16, yet this patient was excluded from the study to avoid possible confounding effects of the change in glimepiride dose on laboratory variables); and 1 patient was confirmed to have colon cancer after Week 20. Therefore, 11 patients (6 men and 5 women) aged 46 to 78 years (median, 53 years) completed the study (Figure 1) .
The characteristics of these 11 patients are summarized in Table I . All patients had received nutrition and exercise guidance for ≥6 months before enrollment, but these lifestyle interventions were insufficient in terms of reducing the patients' body weight (producing neither the targeted ≥7% reduction in body weight nor a decrease in ALT value).
Concomitant diseases and medications
Metabolic syndrome was diagnosed in 8 patients and hypertension was diagnosed in 7 patients (Table I) . Dyslipidemia including abnormal HDL-C, LDL-C, and triglyceride concentrations was diagnosed in 7 patients (Table I) .
Of 7 patients diagnosed with hypertension, 4 had been prescribed antihypertension drugs (Table I ). Of 7 patients who were diagnosed with dyslipidemia, 5 had been prescribed antidyslipidemia drugs ( Table I ). In addition, 9 patients were taking a dipeptidyl peptidase-4 (DPP4) inhibitor, 1 patient was taking a sulfonylurea, and 3 patients were taking metformin ( Table I) . All patients reported that the type and dose of these drugs had not changed for ≥6 months before enrollment. Table II shows the body composition at baseline and at each visit after starting dapagliflozin. The median baseline body weight was 79.6 kg (interquartile range, 63.3-94.2 kg) and the median body mass index (BMI) was 31.0 (range, 27.0-32.5). BMI exceeded 25 in 9 out of 11 patients. The median waist circumference and waist-to-hip ratio were 101.4 cm (range, 97.6-108.5 cm) and 1.02 (range, 0.96-1.05), respectively. The median body fat mass, skeletal muscle mass, and total body water were 28.3 kg (range, 25.7-35.4 kg), 24.6 kg (range, 21.1-36.3 kg) and 32.7 L (range, 28.8-47.8 L), respectively.
Body composition
As indicated in Table II (Table II) . There were no significant changes in total body water or lean mass.
Appendicular skeletal muscle (ASM) mass relative to body weight increased significantly from 23.3% (range, 27.7%-28.1%) at baseline to 25.5% (range, 24.3%-30.2%) at Week 24 (P o 0.05). There was no change in the skeletal muscle mass index. Table III shows (Table III) . These changes occurred together with significant reductions in serum ferritin, insulin, and T4C7S concentrations ( Figure 2) . The NAFIC score decreased significantly from 3.0 (range, 1.5-3.0) to 2.0 (range, 0-2.5) (P o 0.05). Serum adiponectin concentrations increased significantly from 5.40 µg/mL (range, 4.60-8.85 µg/mL) at baseline to 7.0 µg/mL (range, 5.6-11.8 µg/mL) at Week 24 (P o 0.01) ( Table III) . High sensitivity C-reactive protein concentrations decreased during the study, although not significantly.
Liver tests
In terms of the evaluation of hepatic steatosis using abdominal ultrasound, distinct improvement was found in hepatorenal contrast, deep attenuation, or unclear vessels in 8 out of 11 patients, although no clear change was observed in 3 out of 11 patients.
Metabolic laboratory variables
Table III also shows the baseline values and changes in metabolic laboratory variables. As expected from the mechanism of action of dapagliflozin, FPG decreased from 147 mg/dL (range, 132-176 mg/dL) at baseline to 119 mg/dL (range, 107-150 mg/dL) at Week 24 (P o 0.01). Likewise, HbA1c decreased significantly from 7.4% (range, 6.9%-8.3%) to 6.7% (range, 5.95%-7.3%) (P o 0.01). Serum glucagon concentrations did not change 
Other laboratory variables
As indicated in Table IV , there were no significant changes in general laboratory variables from baseline to Week 24, except for hematocrit.
Blood pressure
Systolic blood pressure decreased from 126 mm Hg (range, 122-134 mm Hg) at baseline to 120 mm Hg (range, 114-122 mm Hg) at Week 24. Diastolic blood pressure decreased from 84 mm Hg (range, 79-88 mm Hg) at baseline to 70 mm Hg (range, 68-79 mm Hg) at Week 24.
Discussion
In this study, we showed that the administration of dapagliflozin, a potent and selective SGLT2 inhibitor, was associated with improvements in liver tests and metabolic laboratory variables in patients with NASH and T2DM over the course of 24 weeks. These patients experienced significant reductions in body weight and BMI, which were driven by marked reductions in body fat (total fat mass and percent body fat). Although the percent skeletal muscle mass increased, the actual skeletal muscle mass remained unchanged. Moreover, there were no marked changes in total body water, protein, or soft lean mass during the treatment period.
There were significant decreases in median values of waist circumference and waist-to-hip ratio, which are also suggestive of reduced visceral fat mass. This is important because higher waist circumferences and waist-to-hip ratios caused by visceral fat mass have been strongly associated with an increased risk factor for metabolic and cardiovascular disease in adults. 27 Because of the deleterious relationship between visceral fat distribution, hepatic insulin resistance, and adiponectin, 28 we also measured serum adiponectin levels. We found a significant increase in adiponectin, which may be related to the reduction in visceral fat mass in these patients.
The hepatic effects of dapagliflozin were assessed in terms of the changes in liver enzymes, serum ferritin, insulin, and T4C7S. All of these variables showed significant improvements during the 24-week study. We also calculated the NAFIC score and Fibrosis-4 index. [24] [25] [26] The NAFIC score can assist in the diagnosis of NASH by using the levels of ferritin, fasting insulin, and T4C7S. The Fibrosis-4 index is a useful parameter when excluding the diagnosis of NASH in patients with advanced fibrosis and takes into consideration ALT, AST, and platelet counts. 29 We observed a significant reduction in the NAFIC score from baseline to Week 24 owing to the significant reductions in ferritin, insulin, and T4C7S over time. The Fibrosis-4 index was significantly lower at Weeks 12 and 16, but not at Week 24, compared with baseline.
Serum ferritin concentration is an independent predictor of hepatic iron overload, which is associated with NASH and advanced hepatic fibrosis. 29 Elevation of serum ferritin levels is associated with the severity of fibrosis in NAFLD. 30 In addition, serum ferritin levels are closely associated with insulin resistance and can be considered a marker for metabolic syndrome. 31 Although the mechanism underlying the elevation of serum ferritin in NASH is unknown, 32 the serum ferritin concentration started to decrease in the present study before changes in ALT were observed, which suggests that the reduction in ferritin concentration may have contributed to the improvement in hepatic inflammation. A previous study found that serum ALT levels did not decrease even if the ferritin level in patients with nonalcoholic fatty liver disease was decreased by phlebotomy 33 ; therefore, it is necessary to examine whether the decrease in ferritin level actually relates to the decrease in serum ALT level in patients with nonalcoholic steatohepatitis. Hyperinsulinemia and increased insulin resistance could have important roles in the pathogenesis of NASH in both Western and Asian countries. [34] [35] [36] [37] Hyperinsulinemia in patients with NASH is attributable to increased insulin secretion, which compensates for reduced insulin sensitivity and is not a consequence of decreased hepatic extraction of insulin, which occurs in all forms of chronic liver disease at the stage of advanced fibrosis or cirrhosis. 34, 35 In this study, fasting insulin and fasting plasma glucose decreased together with adiponectin. These results suggest that dapagliflozin improves insulin resistance by decreasing visceral fat mass.
The serum insulin concentrations were significantly lower at Weeks 8, 16, and 24 than at baseline. Insulin resistance is a common factor in NASH and T2DM, and the decrease in insulin secretion coupled with improvements in glycemic control (ie, FPG and HbA1c) likely suggests that there was an improvement in insulin resistance, which might have been partly mediated by the reduction in visceral fat mass and increased adiponectin.
It is also intriguing to note that there were reductions in systolic blood pressure and diastolic blood pressure during the study. The underlying mechanism is unclear; however, it might involve changes in body composition or metabolic variables. It is notable that the changes in blood pressure were not accompanied by significant changes in total body water. The improvement in blood pressure may be particularly relevant to patients with hypertension.
The percentage of skeletal muscle mass increased in this study. A recent Asian study reported that sarcopenia is an independent risk factor for NASH and significant fibrosis. 38 The authors defined sarcopenia based on the ASM/body weight (ASM%) value. Patients with NASH showed a significantly lower ASM% compared with those without NAFLD. In this study, the ASM% values for NASH patients increased following dapagliflozin treatment. This suggests that dapagliflozin may improve sarcopenia and fibrosis in NASH patients.
A recent retrospective study compared the efficacies of administration of an SGLT2 inhibitor or a DPP4 inhibitor for 24 weeks in Japanese patients with T2DM and biopsy-confirmed NAFLD. 39 Although serum AST and ALT levels improved significantly in both groups, the reductions in these levels were greater in the SGLT2 inhibitor group than in the DPP4 inhibitor group. The SGLT2 inhibitor group experienced a greater increase in HDL-C, a greater reduction in FPG, and a greater reduction in BMI, but a smaller decrease in the estimated glomerular filtration rate, compared with the DPP4 inhibitor group. A significant reduction in body fat was also observed in the SGLT2 inhibitor group, although body composition was not assessed in the DPP4 inhibitor group. The results of that study are consistent with ours, and indicate that administration of an SGLT2 inhibitor is associated with clinically relevant improvements in liver tests and body composition in patients with NAFLD or NASH.
The safety profile of dapagliflozin was evaluated in terms of general laboratory variables, but there were no clinically significant changes in any of these variables in our cohort during the study. We think that the slight increase in hematocrit was not a result of dehydration, but rather reflective of an increase in red blood cells, because no changes in blood urea nitrogen, creatinine, or estimated glomerular filtration rate were observed. Furthermore, there were no changes in total body water during the study. Thus, dehydration was likely not a complication in the present study. These findings suggest that dapagliflozin did not have any untoward effects on clinically relevant laboratory variables in this small group of selected patients.
The limitations of this study include the open-label design, short treatment period, and the small number of patients. Furthermore, liver biopsies were not performed. Further large-scale, randomized, controlled studies are needed to validate the efficacy of dapagliflozin in the treatment of NASH and T2DM.
In this small, open-label, uncontrolled study, dapagliflozin improved the body composition of patients with NASH associated with T2DM by reducing body fat, most likely visceral fat mass, and Table IV General laboratory variables.
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Week 24 was associated with improvements in liver tests and metabolism. Longer-term, larger studies are needed to verify these results and enable the use of dapagliflozin to treat NASH associated with T2DM.
